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® Agglutination reaction device. 



© An agglutination reaction device for performing agglutination immunoassay reactions comprising a first 
hydrophilic surface and a parallel second surface wherein the first surface has channels such that when the first 
and second surface are brough into contact with each other an agglutination reaction chamber is formed for 
conducting fluid by capillary action. The agglutination reaction device can additionally include a sample receiving 
well contiguous with the ingress of the chamber formed by the first and second surfaces. Also, the chambers 
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AGGLUTINATION REACTION DEVICE 



BACKGROUND OF THE INVENTION 

The present invention is directed toward a device for performing an agglutination reaction of im- 
5 munochemical particles. The agglutination reaction device is designed to provide a convenient means for 
performing and reading the results of an agglutination reaction. 

Agglutination reactions and their procedures are generally well known in the art. A typical agglutination 
reaction consist of the clumping together in suspension of antigen-bearing ceils, microorganisms, or 
particles in the presence of specific antibodies. This clumping or agglutination of particles is then monitored 
•o to determine the absence of presence of an analyte sought to be detected. 

One method for reacting immunochemical particle reagents is by the placement of the liquid reagents 
or a glass slide and generally rocking or swirling the slide back and forth to cause the reagents to mix and 
form agglutinations. Methods have also been developed to avoid the necessary swirling of the particles 
reagents in order to visualize the agglutinations. For example. U.S. Patent 4.596,695 discloses an 
75 agglutination reaction chamber for reacting immunochemical particle reagents. The chamber includes a first 
transparent panel having a first surface and a second panel having a second surface spaced apart from the 
first surface to define a chamber between. The chamber intrinsically causes immunochemical particle 
reagents to react by capillary motion without an external motion imparted to the chamber. 

An object of the present invention is to provide a device that can be easily adapted for use in the 
20 automated diagnosis of a plurality of samples. Another object of the present invention is to provide a device 
capable of performing multiple, highly sensitive, diagnostic tests simultaneously on a single sample in a 
single device. In particular, the present invention is directed toward a device that can be used in an 
automated fashion where the reaction can be rapidly performed and monitored with a minimum of sample 
material. 

25 

SUMMARY OF THE INVENTION 

The present invention is directed toward an agglutination reaction chamber for performing agglutination 
30 immunoassay reactions. The device comprises a first hydrophilic surface and a parallel second surface 
wherein said first surface has channels such that when the first and second surface are brought into contact 
with each other an agglutination reaction chamber is formed for conducting fluid by capillary action. The 
agglutination reaction chamber can additionally include a sample receiving well contiguous with the ingress 
of the chamber formed by the first and second surfaces. Also, the chambers have means for controlling the 
25 flow of fluid and a predetermined amount of reagent dispersed in them for performing an assay. 

In the agglutination reaction chamber of the present invention the reagent can be present in dried spots 
or strips. It is also possible to suspend the reagent in a water-soluble polymer. 

One means for controlling the flow of fluid can be the configuration of the channels or geometric 
formations within the channels such as ridges. Preferably, the ridges are formed in the channels which 
extend across the entire width of the channels and for at least a portion of the length of the channel. 

Other means for controlling the flow of fluid in the chambers can comprise a water-soluble material, 
such as a water-soluble polymer, dried in portions of the channel. The water-soluble material can comprise 
polyvinylpyrolidone, polyvinylalcohol. gelatin, or bovine serum albumin. 

The agglutination reaction chamber is constructed to be very small in size in order to accommodate 
45 automated and efficient use of sample and reagents. Preferably, the length of a chamber is from about 10 
to about 75 mm. the channels are from about 0.01 to about 5.0 millimeters in depth and from about 0.1 to 
about 10.0 millimeters in width. A typical size for an entire agglutination reaction device having four 
chambers and a sample receiving well is about 37.5 mm x 12.5 mm x 1.5 mm (1 x w x h). 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top perspective view of one embodiment of the present agglutination reaction device 
shewing a sample receiving well and four reaction chambers. 
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Figure 2 is a top perspective view of one embodiment of a bottom surface of the present 
agglutination reaction device showing a sample receiving well and four channels. 

Figure 3 is a top perspective view of another embodiment of a bottom surface of the present 
agglutination reaction device showing a sample receiving well and four channels with ridges formed therein, 
s Figure 4 is a cross-sectional view of a channel shown in Fig. 3 showing one embodiment of a ridge 

formed in a channel to control the flow of fluid. 

Rgure 5 is a cross-sectional view of a channel shown in Fig. 3 showing another embodiment of a 
ridge formed in a channel to control the flow of fluid. 

70 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed toward a device suitable for performing agglutination reactions. One 
such embodiment is shown in Figure 1. The device 10 as shown in Fig. 1, generally comprises a first 

75 surface 12 and a parallel second surface 14 one of which has channels 16 formed therein such that when 
the two surfaces are placed together a chamber or microchamber 18 is formed through which liquid will 
flow by capillary action. In order to have capillary flow it is required that the surface having the channels 
formed therein is hydrophilic. Preferably, the surfaces are designed such that they create a plurality of 
chambers or microchambers 18 when assembled. 

20 The surface having channels grooved therein also preferably has a sample receiving well 20 which is 
open to each of the channels 16. The receiving well 20 is positioned such that it is not covered by the 
second surface 14 as shown in Fig. 1. A sample can then be placed in the receiving well 20, such that it 
can be wicked into the chambers 18 by capillary action. Thus it is possible to form a device having multiple 
chambers and one large sample receiving well such that a single drop of sample can be placed in the well 

25 and wicked into the multiple chambers. Each chamber can then perform a different agglutination assay on a 
single sample. 

It is a further objective of the present invention to provide a device, which is small enough to be utilized 
in automated instrumentation and monitored by automated means for the presence of agglutinated particles 
in each of the chambers. Thus in a preferred embodiment of the agglutination device, the lower surface 12 

30 will be opaque and the upper surface 14 will be transparent to transmitted or reflected light where an optical 
scanner can be positioned above the device 10. Thus, the opaque lower surface 12 gives a better 
background for detection of agglutination particles. 

For example, when a solution of cells is introduced to one end of a chamber 18. containing antibodies 
directed against antigens on the cells and dried onto the interior of the channels 16. the solution will migrate 

35 through the channel mix with the antisera and the cells will aggregate. This will all occur without any 
centrifugation or mixing steps. Control of the flow of the liquid through the channel is necessary because 
the agglutination reaction occurs preferably during the period of liquid flow. Sufficient incubation time must 
be incorporated into the period of liquid flow to achieve maximal reactions. 

Various means for controlling the flow of sample through the capillary chambers 18 in order to properly 

40 perform the agglutination reaction are also provided. One method is to place a water-soluble material, such 
as a water-soluble polymer, in at least a portion of the channels that will be resolubilized by the application 
of a sample material. Examples of water-soluble substances can include polyvinylpyrolidone (PVP). gelatin, 
polyvinyl alcohol, or bovine serum albumip. 

Liquid migration through the chambers 18 of the agglutination reaction device 10 can be controlled 

45 through the use of small spots or stripes of dried water-soluble material placed in the channels 16. 
Preferably, as shown in Fig. 2, a water-soluble material 22 is dried in the channels 16 at their terminal 
region 24. These spots or strips of dried substances 22 can be of varying length depending upon the 
amount of flow control desired. When spots of a rapidly rehydrating material is dried along a chamber, the 
liquid will migrate through the chamber rapidly. When spots of a slowly hydrating material is dried along a 

so chamber, the liquid will migrate through the chamber much more slowly. By using spots with different 
chemical make-up and different rehydration properties, the liquid flow through the channel can be controlled 
to include areas of rapid flow and areas of slow flow. By employing dried materials that rapidly rehydrate 
and slowly rehydrate in the same chamber, it is possible to create channels with predetermined incubation 
times at various zones throughout the chamber. 

55 Another means for controlling the flow of fluid is by the geometric configuration of the chamber and or 
the internal shape of the chambers as depicted in Rgure 3-5. Preferably, ridges 25 or 28 (shown in the 
breakaway sectional views Rgs. 4 and 5) are constructed in each of the channels 16 which extend across 
the width of the channel 16 and extend for at least a portion of the length of the channel 16. More 
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preferably, the entire length of the channel 16 is prepared to have ridges 26 or 28. These ridges influence 
the movement of the liquid along the channel 16 and evenly distribute the sample through the channel 16. 

All types of agglutination-based assays can be accommodated with the subject device. In some 
instances, a soluble reagent can be dried as spots or strips in the chamber, for example, in blood typing. In 

5 other instances, the particulate reagent, such as a latex reagent, can be dried in the chamber. In yet another 
approach, a reagent can be dispersed in a solution which is placed in the chamber. One preferred reagent 
solution is microparticulates in a solution of dextran and sucrose. Preferably, the microparticulate reagent is 
mixed in a solution of about 2.5 to about 5.0 percent of weight dextran and from about 15 to about 20 
percent by weight sucrose. Another preferred solution for mixing reagents is FICOLL (a trademark by Sigma 

10 Chemical Co.. St Louis. MO for a nonionic synthetic polymer of sucrose) from about 20 to about 30 percent 
by weight. Also, depending on the requirements of the assay, the now of the liquid through the chamber 
can be controlled as described above to accommodate any necessary incubation times and assay 
sequences. 

A particularly unique feature of the subject device is the ability to simultaneously perform multiple 
>s assays while utilizing a very small amount of sample material, for instance, a single drop. Also, the 
agglutination assay is essentially self-performing once the drop has been added to the agglutination 
reaction device. 

The device is especially suitable for use in an automated fashion where the agglutination reaction can 
be monitored by an optical scanner. For example, the construction of the agglutination reaction device 

20 enabies^ne to use an image analysis system available from Olympus (CUE-2, Lake Success. N.Y.) to 
determine the quantity and concentration of agglutinated material. The agglutination reaction device is 
illuminated, such that transmitted or reflected light can be read by the reader. The image is then computer 
analyzed to determine the quantity of agglutination which has occurred and to enhance the image for very 
accurate and sensitive determinations. By confining the sample to" a chamber such as formed in the 

25 agglutination reaction device, there is no problem with curvatures of droplets or water which could interfere 
with the image seen by the reader. Thus, the uniformity of the reacted sample and reagents achieved by 
the agglutination reaction device provides an excellent imaging format for a reader or other imaging 
devices. Besides being able to read the transmission of light through the bottom of the agglutination 
reaction device, it is also possible to read reflected light because the sample and reacted reagents are 

30 confined to capillary chambers formed by the agglutination reaction device. 

Again referring to Figure 1, one- embodiment of the present invention is shown. Figure 1 shows a 
perspective view of device 10 constructed of two layers of material, a bottom layer 12 covered by a top 
layer 14. Layer 12 has a plurality of channels 16 and a sample well 20 formed into the surface. The sample 
well 20 is contiguous with the ingress of each of the chambers 16. Each of the chambers 18 can have 

35 ridges 26 or 28 such as depicted in Figs. 4 and 5 which extend for the entire length of the channel 16. The 
ncges 26 or 28 influence fluid to smoothly flow from sample well 20 throughout the chamber 18. 

In the construction of the device 10, either the bottom layer 12 or the upper layer 14 can be opaque. 
Preferably the layer which is further from an optical scanning device is opaque to enhance the background. 
It is required that the bottom surface 12 be hydrophilic or wettable such that the capillary flow is induced 

40 when a sample is placed in contact with the ingress of a chamber 18. This is accomplished by using a 
hydrophilic material for the surface 12; however, it is also possible to chemically treat or coat an otherwise 
hydrophobic materials such that they are hydrophilic. This preparation of a hydrophilic surface can also be 
used to influence the flow rate in the capillary chamber 18 so formed. 

Suitable materials for preparing layer 12 as shown in Figs. 2 and 3 are cellulose acetate butyrate. In a 

45 preferred embodiment the agglutination reaction device is prepared by molding a layer of cellulose acetate 
butyrate (CAB), commercially available from Eastman Chem. Prod. Inc.. Kingsport, TN. to have a plurality of 
channels 16 from about .010 to about 5 millimeters in depth and from about 0.1 to about 10 millimeters in 
width. Each of the channels 16 extends from a larger well 20 molded into one end of the layer 12 of CAB. 
Next : a piece of transparent tape 14 sufficient to cover all the channels 16 molded into the CAB is applied 

so to the surface 12 to form the capillary chambers 18. A section of adhesive cellophane tape can be used to 
provide the upper cover or surface for the recessed surface 14 to form the capillary chambers 18. Other 
hydrophobic materials can be used to form the upper surface 14 of the chambers 18. 

The preferred overall dimensions of the agglutination reaction device is from about 10 to about 75 mm 
in length, from about 5 to about 20 mm in width and from about 0.5 to about 5.0 mm thick. The dimensions 

55 of the channels in the hydrophilic surface are preferably from about 0.01 to about 5.0 mm in depth and from 
about 0.1 to about 10.0 mm in width. 

The very small size of the reaction device allows for the rapid and convenient handling of a plurality of 
devices and therefore samples. The device can then be loaded into an automated apparatus which indexes 
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and scans the individual channels for the assay result and records this information for future access. The 
small dimensions of the agglutination reaction device also provide for efficient use of sample and reagents. 

The following examples are provided to further demonstrate the agglutination reaction device of the 
subject invention. 



EXAMPLE 1 

A steel mold was made that could be used to injection mold plastic devices of the general structure 

w shown in Figure t. The external dimensions of these pieces were 38 mm x 12.7 mm x 1.5 mm (Ixwx h). 
This design yielded pieces having one large sample receiving cavity or sample receiving well at one end of 
the part and 4 shallow channels that extend from the well to the opposite end of the part as shown in Fig. 1 . 
These channels have flat bottoms and have dimensions of 25.4 mm x 1.5 mm x 0.075 mm (I x w x d). This 
design of the device, having channels with flat bottoms is called Type I. Additional molds were made with 

15 identical designs as Type I except that the channels had the additional feature of ridges or grooves 
extending laterally across the bottoms of the channels (Types II and III - as shown in Figs. 3, 4 and 5). For 
Types II and III pieces, each channel has 39 individual features spaced 0.6 mm apart. 

Several parts were obtained from these molds using the resin cellulose acetate butyrate (Eastman 
Chemical Products, Inc. Kingsport, TN). Molded pieces were washed for 90 minutes in KOH at 45 Cjrtnsed 

20 extensively with distilled water, and then allowed to air dry. These parts were overlaid with 1" wide 
transparent tape (No. 5910, 3M Co., St. Paul, MN) to completely cover the channels and overlap slightly the 
larger cavity sample receiving as shown in Fig. 1 . Taping in this manner permitted the tape to adhere to the 
ridges between each of the channels, thus isolating each channel from the others. When a drop of water or 
other liquid solution was added to the sample receiving cavity of these taped parts, it would immediately 

25 flow through each of the channels by capillary action within a time range of 1-2 seconds. 



EXAMPLE 2 

30 To control the rate of fluid flow through the channels of these devices, polyvinyipyrolidone (PVP) 
solutions were dried into the channels. Solutions of PVP (Sigma Chemical Co., #PVP-360, St Louis, MO) 
were prepared in distilled water at final concentrations of 2, 3. 4, and 5% (w/v). Small volumes (1.5 
microliters) of these solutions were applied into each channel of KOH-washed chips of all three types 
described in Example 1. The PVP solutions were spread evenly over the distal half of the channel, farthest 

35 from the sample cavity. Following the drying of the pieces at 45 C for 10 min., tape was applied as 
described in Example 1. Distilled water was applied to the sample cavity of all chips and the time for the 
liquid to migrate to the end of each channel was monitored. The results as shown in Table 1 demonstrate 
that increases in the concentration of PVP dried in the channels results in dramatic increases in the time 
(measured in seconds) it takes for the distilled water to flow in the channel. Differences in the geometries of 

40 the channel designs (Type I vs. Type II vs. Type III) also produce different flow rates even with identical 
amounts of PVP in the channels. 

TABLE 1 



50 



Effects of PVP and Channel 


Design on Flow Rate (seconds) 


PVP 


Type I 


Type li 


Type III 


Cone. 








2% 


7 


151 


97 


3% 


190 


344 


385 


4% 


438 


690 


723 


5% 


791 


1371 


853 



EXAMPLE 3 
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Type I pieces were prepared as described in Example 2 with 1 .5 ul volumes of 3% PVP. Prior to taping 
of the pieces, 0.5 ul volumes of Blood Grouping antisera (anti-A or anti-B (Dade, Miami, FL) diluted 1 4 in 
10% sucrose) were applied in the proximal portion of each channel as shown on Figure 5. The antisera was 
.allowed to dry for 10 minutes in a 45 C incubator, and the pieces were then taped as described in Example 

5 1. 

Solutions of human erythrocytes (10% v/v) of types A1, A2. B. and 0 (Gamma, Houston. TX) were added to 
the central cavities of these pieces. In each case the blood cell suspension would flow half way down each 
channel very rapidly (1-2 seconds) and then very slowly (7-10 minutes). During the period of slow flow, cells 
moving through channels with their homologous antisera (Type A1 or A2 cells with anti-A, or type B cells 
io with anti-B) would aggregate into clumps which were plainly visible. Cells moving through channels with 
non-homologous antisera (Type A1 , A2. or O with anti-B, or Type B or O with anti-A) did not aggregate but 
remained in a uniform suspension. 



75 EXAMPLE 4 

Fixed human erythrocytes, Duractyes® (Abbott Laboratories, N. Chicago IL) were coated with an 
antigen preparation of HTLV I virus. These cells were suspended in phosphate buffer at a 10% concentra- 
. tion (vv). Serum samples (20 ul) were mixed with 10 ul aliquots of these DURACYTE^ and then the 

20 solution was immediately added to the central cavity of Type II pieces which had been loaded with 1 .5 ul of 
3% PVP and taped as described in Example 2. Similar to Example 3. the solution flowed rapidly through 
the first half of each channel and then much more slowly through the later portion. When serum samples 
containing antibodies to HTLV I were used in these tests, the cells would aggregate during the period of 
slow flow, and such aggregates could be visualized directly or through the use of slight magnification 

25 (approximately 10 X) with a dissecting microscope, hand magnifier, or other such device. Samples that do 
not contain antibodies to HTLV I do not cause aggregation of the cells. The agglutination or aggregation of 
the cells occurs during the period of fluid flow through the channel and it stops when the fluid reaches the 
end of the channel. For these types of tests, the reactions take approximately 10 minutes to run to 
completion, and the final reaction pattern is stable for at least one hour without change. 

30 

EXAMPLE 5 

DURACYTE® were coated with affinity purified goat antibodies directed against Hepatitis B surface 
35 antigen at a final concentration of 10G ug/ml in the presence of 0.05% chromic chloride in 0.1 M acetate 
buffer pH 4.0. These cells were overcoated with 1% bovine serum albumin (Sigma Chemical Co., St. Louis, 
MO) in 25 mM Tris-HCI (pH 7.4) buffer and then resuspended with 0.1% bovine serum albumin in 
phosphate buffered saline (pH 7.4) containing 5% normal goat serum at a final cell concentrations of 10% 
(w). These cells were reacted with serum samples as described in Example 4. Aggregation of the 
•io DURACYTE5> was visible with sera having HBsAg at concentrations of 1 ngmi or greater within approxi- 
mately 10 minutes. 



EXAMPLE 6 

45 

DURACYTE® coated with anti-HBsAg and described in Example 5 were reacted with sera containing 0, 
1, 3.1, 6.3. or 12.5 ng/ml of HBsAg as described in Example 4. Ten minutes after the samples and cells 
were mixed, the pieces were placed on a microscope (Model SZH. Olympus Corp., Lake Success NY) 
which was connected to an image analyzer system (Olympus Corp., Lake Success, NY). The image 

so analyzer was set to detect an area within the central region of an individual channel. The image of the 
DURACYTE® mixture within the channel was analyzed to reveal the areas of aggregates. Aggregates were 
detected as the darker, more dense regions in the image as compared to non-aggregated DURACYTE®. 
The percent of the area in a given window which was occupied by aggregates was calculated to give a * 
numerical estimate of the degree of the reaction. As seen in Table 2. the percent area of the aggregates 

55 was directly proportional to the amount of HBsAg in the sample. 
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TABLE 2 



10 



HBsAg 


Percent 


Cone. 


Area 


0 


0.04 


1 


0.45 


3.1 


1.62 


6.3 


3.87 


12.5 


6.32 



15 



20 



25 



30 



EXAMPLE 7 

DURACYTE® coated with anti-HBsAg as described in Example 5 were suspended in a solution of 20% 
sucrose and 2.5% dextran - 77,800 MW (Sigma Chemical Co., St. Louis. MO) at a final concentration of 
10% (v/v). One microliter aliquots of this DURACYTE® suspension was applied to the proximal portions of 
channels of Type II pieces which had been precoated with 1 .5 ul of 3% PVP in the distal portion of the 
channel as described in Figure 5. The pieces were dried at 45C for 10 min. and then taped as described in 
Example 1. Thirty microliter aliquots of specimens containing 0, 6.1, or 25 ng/ml HBsAg were added to the 
sample wells of pieces with dried DURACYTE® reagents. As the sample flowed through the channels, the 
DURACYTE® were rehydrated and flowed to form a fairly uniform suspension for the sample without 
HBsAg. Samples containing HBsAg revealed aggregation of the cells as seen in previous Examples. The 
time for these assays to come to completion was approximately 10 minutes. 

Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such 
reference signs do not have any limiting effect on the scope of each element identified by way of example 
by such reference signs. 
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1. An agglutination reaction device for performing agglutination immunoassay reactions comprising: 

a first hydrophilic surface and a parallel second surface wherein said first surface has channels such that 
when said first and second surface are brought into contact with each other an agglutination reaction 
chamber is formed for conducting fluid by capillary action; and wherein said chamber has means for 
controlling the flow of fluid and a predetermined amount of reagent dispersed in the channels for performing 
an assay. 

2. The agglutination reaction device of Claim 1 wherein said means for controlling the flow of fluid are 
ridges formed in the channels which extend across the entire width of the channels and for at least a portion 
of the length of the channel. 

3. The agglutination reaction device of Claim 1 wherein said means for controlling the flow of fluid 
comprises a water-soluble material dried in portions of the channel. 

4. The agglutination reaction device of Claim 3 wherein said water-soluble material is polyvinyl- 
pyrolidone, polyvinylalcohol. gelatin, or bovine serum albumin. 

5. The agglutination reaction device of Claim 1 wherein the length of a chamber is from about 10 to 
about 75 mm. 

6. The agglutination reaction device of Claim 1 wherein said channels are from about 0.01 to about 5.0 
millimeters in depth. 

7. The agglutination reaction device of Claim 1 wherein said channels are from about 0.1 to about 10.0 
millimeters in width. 

8. The agglutination reaction device of Claim 1 wherein said reagent is present in dried spots or strips. 

9. The agglutination reaction device of Claim 1 wherein said reagent is present as microparticulate in a 
solution of dextran and sucrose or a nonionic, synthetic solution of sucrose. 

10. The agglutination reaction device of Claim 1 wherein said reagent is suspended in a water-soluble 
polymer. 
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11. The agglutination reaction device of Claim 1 which additionally includes a sample receiving well 
contiguous with the ingress of the chamber formed by said first and second surfaces. 
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